Introduction
According to National Nanotechnology Initiative (NNI, a multiagency US government program initiated in 2001), nanotechnology is broadly de�ned as the science and engineering involved in the design, synthesis, characterization, and application of materials and devices with at least one of the dimensions on the nanoscale (typically 1-100 nanometers) [1] . Since its inception several decades ago, nanotechnology has drawn increasing attention from both the academic and industrial sectors for applications not only in materials science and engineering, such as light-emitting devices and solar cells, but also in the biotechnology and medical �elds including disease diagnostics, prevention, and treatment. Accordingly, the level of interest in nanotechnology shown by both academic and industrial investigators has led to the increased development of novel nanotechnology platforms for medical applications, sharp increases in government funding, and venture capital investment [2] . Nanomedicine as a newly created subterm, refers to the application of engineered nanomaterials to the medical �eld.
Nanotechnology offers many potential bene�ts to medical applications including the early detection of cancers and cancer treatment, passive and active disease targeting, increased biocompatibility, and multifunctionality encompassing both imaging and therapeutic capabilities, allowing for simultaneous disease treatment and monitoring [3] . e major advantages of nanomaterials in medical applications include the following. (1) ey are on the same size scale with biomolecules such as receptors, antibodies, and nucleic acids. Nanomaterials can also be functionalized with biomolecules, enabling them to target speci�c organelles within certain tissues or even the entire cells for localization in the targeted area. (2) Nanostructures can oen overcome solubility and stability issues through surface modi�cation/wrappings or additional formulation. (3) Nanostructures have novel physical properties, such as optical properties from quantum dots, which can be utilized for bioimaging. (4) Due to the nanosize, they are normally composed of thousands of atoms with a high surface area so that a higher therapeutic payload (e.g., radioactive isotopes or chemotherapy drugs) can be carried to or encapsulated in the nanostructure. Once delivered and recognized by a receptor, the high-dose therapeutic load can cause more devastating damage to cancer cells at the targeted site. (5) Nanoparticle (NP) formulations, through passive or active targeting, can oen release therapeutic payloads at cancer sites, thus signi�cantly reducing nonspeci�c toxicity [3] . However, challenges always exist together with opportunities. First, nanomedicine may pose a myriad of full characterization challenges. Second, concerns about safety and manufacturability should not be ignored. For instance, each nanomedicine's batch-to-batch consistency needs to be veri�ed with effective quality control methods [4] . In addition, nanomedicine may be ineffective if the therapeutic moiety of a particle disassociates from the nanoparticle platform upon administration or during circulation in the bloodstream or is degraded inside the particle. Pretargeting release of a therapeutic payload (e.g., a chemotherapeutic) from the nanoplatform may result in an acute toxicity independent of the pharmacokinetics of the nanoparticle platform itself [3, 5] . Clinical translation of NPs requires a complete understanding of particle size, composition, formulation, internal and external structure, chemical reactivity and stability, and their relationship with the human body, namely, biodistribution, toxicity, and biocompatibility [6] .
Even with these and other challenges, a few �rst-generation nanomedicines have already obtained recognition in the clinical cancer research community as effective tools. For instance, Doxil (a liposomal formulation of doxorubicin) was approved by the FDA in the mid-1990s and demonstrated a decreased cardiotoxicity compared with free doxorubicin T 2: Half-life of ASNase (native versus PEGylated) [50] . [7] . Another prime example of the budding success of nanomedicine is Abraxane, a nanoscale albumin-bound form of paclitaxel, approved by FDA in 2005 [8] . is nanoparticle has a size around 100 nm and solubilizes a poorly soluble drug (paclitaxel) so that the notable side effects of paclitaxel are signi�cantly decreased. Tables 1 and 3 list nanomedicine, constructs currently on the market and in clinical trials, respectively. It is noteworthy from the list that most of the FDA approved marketed nanomedicines, including Doxil, Abraxane, ermoDox, and Rexin-G, are organic-based formulations, presumably due to better biocompatibility and the low (or no) toxicity of the organic platforms. However, inorganic materials-based medical devices and nanomedicines, such as Aurimune (colloidal gold platform based) and AuroLase (gold-coated silica nanoparticle platform based), have recently gained FDA recognition and are in various phases of clinical trials [9, 10] . e majority of the agents are therapeutics, where market sizes are larger and potentially more pro�table than diagnostics, given equal or similar It is considered the �rst approved "nanodrug" and has been successful since its market introduction, with over $600 million USD in annual sales across all of its markets [11] .
Product Manufacturer
Doxil liposomes consist of a single lipid bilayer membrane composed of hydrogenated soy phosphatidylcholine (HSPC) and cholesterol with doxorubicin encapsulated in the internal compartment [12] . e mean size of the vesicles is in the range of 80-90 nm [13] and because doxorubicin is a small-molecule therapeutic, each vesicle can hold a payload of up to 15,000 molecules [12] . In order to mitigate the stability and early release issues that traditional liposomal encapsulations of doxorubicin have [14] , 2000 Da segments of poly(ethylene glycol) (PEG) are graed to the liposome surface. In addition to providing stability to the particles, the PEG functionalization makes the particles nearly invisible to the reticuloendothelial system (RES), earning them the distinction of stealth liposomes [12, 13] .
Doxil vesicles rely on a passive targeting mechanism in order to accumulate at tumor sites [13] . While not speci�c to the Doxil formulation (as evident from the other technologies discussed below), the primary mechanism for accumulation and distribution throughout tumor sites is believed to be due to the combination of long circulation time (half-life of 2-3 days for clearance) [12] and the microvascularity of tumors, along with the enhanced permeability and retention (EPR) effect [15, 16] . e volume of the distribution of Doxil is only slightly larger than the plasma volume itself, indicating that there is a very little uptake of the liposomes by healthy tissue. Consequently, many studies have indicated that Doxil efficacy is substantially higher than that of free doxorubicin on a mg-to-mg scale [13] , likely due to the liposomal targeting mechanism discussed above. However there is still no consensus on the mechanism of doxorubicin delivery itself to the cancerous cells within the tumor once the vesicles have been uptaken. Barenholz discusses two mechanisms [11] but concludes that the most likely mechanism for doxorubicin delivery is that a collapse of the ammonium sulfate gradient in the tumor interstitial �uid results in the release of the doxorubicin outside the tumor cells, aer which it is taken up by the cells; this mechanism still lacks conclusive clinical evidence.
Despite its signi�cantly longer circulation time than doxorubicin itself (which has an in vivo half-life of ∼5 min) [12] , Doxil has dramatically different, and less severe, side effects than the free drug [15] . In particular, Doxil shows a drastic decrease in the cardiotoxicity over doxorubicin, for which cardiotoxicity is the dose-limiting side effect. Early Phase I-II studies with Doxil revealed that the cardiotoxicity in solid tumor patients is insigni�cant [12] , attributed to nearly negligible levels of the free drug in the blood stream and the minimal distribution of Doxil to the heart itself. e maximum tolerated dose (MTD) of Doxil, as de�ned during Phase II trials, was 50 mg/m 2 every four weeks [17] . e two most severe side effects of Doxil are mucositis and palmar plantar erythrodysesthesia (PPE) [12] . PPE, which is a schedulelimiting and critical dose-limiting factor for multiple-course treatment regimes [12] , is a toxic effect unique to Doxil (not observed with free doxorubicin) and is attributed largely to the long circulation time of the vesicles and a tendency of stealth liposomes to accumulate at the skin [18] .
As of 2012, indications for Doxil include second-line treatment of AIDS-related Kaposi's sarcoma (1995), recurrent ovarian cancer (1998), metastatic breast cancer (2003), and multiple myeloma in combination with bortezomib (2007) [11] .
Myocet.
Myocet is a liposomal doxorubicin nanomedicine whose main difference from Doxil is that it lacks the PEG functionalization on the particle surface. Advantages of the formulation are mainly to do with toxicity. Without PEGylation, the circulation time is signi�cantly shorter than observed for Doxil (∼2.5 hrs) and the liposomes are not "invisible" to the RES. erefore, Myocet is not associated with PPE, the dose-limiting toxicity of Doxil, and shows signi�cantly reduced incidence of mucositis when compared to Doxil [19] . However, Myocet still has a circulation time long enough to ensure the effective passive targeting of tumor sites. Despite the signi�cantly increased circulation time of Myocet as compared to doxorubicin, efficacy is essentially the same in most clinical tests [20] . In one particular Phase III head-to-head comparison between doxorubicin and Myocet for the treatment of metastatic breast cancer, response rates and progression-free survival were identical for the two treatments [21] . However, the incidence of cardiac-related toxicity was lower with Myocet. e major dose limiting toxicity (DLT) of Myocet has been shown to be leukopenia or neutropenia [22] .
e Myocet liposome is composed of a bilayer membrane of egg phosphatidylcholine and cholesterol in a 55 : 45 mole ratio. Doxorubicin is loaded into the internal aqueous core of the particle using an active loading process driven by a pH gradient; once the doxorubicin is loaded into the liposomes, the molecules stack into �bres that are noncovalently crosslinked with citrate [23] . Unlike Doxil, Myocet has been observed to release its doxorubicin quite rapidly. Within 24 hours, 90% of its doxorubicin content is released in vivo [19] . e increased release rate as compared to Doxil is attributed primarily to the lack of PEG coating, which stabilizes the membrane of the liposome and prevents the leakage of the payload [16] .
Myocet is not yet approved for use in the USA (Phase III clinical trials as �rst-line treatment for HER2 positive metastatic breast cancer is underway) but it is marketed in Canada and Europe in combination with cyclophosphamide as a �rst-line treatment for metastatic breast cancer [23] .
DaunoXome.
Unlike the previous two technologies, DaunoXome is a lipid encapsulation of a different anthracycline, daunorubicin. Daunorubicin differs from the more commonly used doxorubicin in that the former lacks a hydroxyl group at the 14-position [24] . DaunoXome was originally developed using daunorubicin instead of doxorubicin due to its increased aqueous stability and its increased cytotoxicity for certain types of solid tumors [19] . e DaunoXome liposome consists of a bilayer membrane of distearoyl phosphatidylcholine and cholesterol at a 2 : 1 molar ratio. e citrate salt of daunorubicin is encapsulated within the inner aqueous core of the vesicle [25] . e particles themselves are approximately 50 nm in diameter [26] and demonstrate the high stability and minimal leakage of the entrapped daunorubicin [27] .
Like the previously discussed doxorubicin-based technologies, DaunoXome also relies on a passive-targeting mechanism for the targeting of tumor sites. Because of the small vesicle size, net neutral charge, and incorporation of cholesterol and a lipid molecule with a high phase-transition temperature, DaunoXome is able to avoid the RES and has a circulation half-life of 2-4 hours [28] . Early trials with DaunoXome versus free daunorubicin showed higher accumulation of free daunorubicin within tumors for the DaunoXome than for the free drug. e free drug showed 9.6 g/g accumulation in the tumor aer 1 hr, with further decreasing levels thereaer, while DaunoXome treatment resulted in 100 g/g accumulation of daunorubicin equivalents through 11 hours [24] .
DaunoXome is approved in the USA as a �rst-line treatment for patients with advanced HIV-associated Kaposi's sarcoma [29] . ere are also many active and/or recruiting clinical trials trying to prove the clinical efficacy for various forms of leukemia [30] .
ermoDox.
While not currently approved in any markets, Celsion's ermoDox is very similar to Doxil and Myocet, as discussed above; in that it is composed of doxorubicin encapsulated within the aqueous inner core of bilayer liposomes. e property that makes ermoDox unique and has garnered it so much attention is that upon heating the liposomes to temperatures ≥39.5 ∘ C, they release their payloads of doxorubicin within seconds [31, 32] . is property enables the payload of doxorubicin to be delivered as a burst to a tumor site without the associated systemic toxicity observed with the administration of the free drug itself [33] .
e ermoDox liposome is comprised of dipalmitoylphosphatidylcholine (DPPC), monostearoylphosphatidylcholine (MSPC), and DSPE-MPEG-2000 in a 90 : 10 : 4 molar ratio [31] . DPPC, which has a gel-to-liquid crystalline phase transition temperature (Tc) of 41.5 ∘ C, induces membrane instability in the ermoDox liposome at temperatures around Tc. Because of its size (∼100 nm) and nature, the liposomes are rapidly identi�ed by the RES and are concentrated in the liver [33] . erefore, ermoDox was identi�ed as an ideal candidate for the treatment of hepatocellular carcinoma (HCC). In order to deliver the thermal energy required to release the ermoDox payload of doxorubicin, radiofrequency ablation (RFA) is a convenient means as it is already widely used in the treatment of HCC. Two of the main drawbacks of RFA in the treatment of HCC tumors are the following. (1) Large tumors (>3 cm) are ineffectively treated and (2) cancerous cells at the periphery of the tumor oen survive following RFA treatment and result in incidents of recurrence [33] . However, when ermoDox was administered prior to RFA treatment in various preclinical and early-phase clinical trials, there were synergistic effects on treatment. e doxorubicin released by the ermoDox upon RFA-induced heating increases the tumoricidal effect at the ablation margin, while RFA improves the efficacy of the doxorubicin at killing cancerous cells. e latter point has been observed through many studies and is attributed to the upregulation of doxorubicin induced at the high temperatures reached during RFA [33] .
e MTD of ermoDox was determined to be 50 mg/m 2 ; the dose-limiting toxicities were grade 3 alanine aminotransferase increase and grade 4 neutropenia. ere does not seem to be any abnormal liver toxicity for the treatment based on the use of ermoDox; all of the adverse events during early phase clinical trials were consistent with the adverse event pro�le of free doxorubicin.
ere is currently one major Phase III clinical trial ongoing for ermoDox in conjunction with RFA for the treatment of unresectable HCC [34] . According to the information on Celsion's website (http://celsion.com/), results of the pivotal HEAT clinical trial are expected sometime in 2013. e FDA has given the HEAT trial a Fast Track Designation and it is being conducted under an FDA Special Protocol Assessment. In addition, the National Institutes of Health (NIH) has designated the study as a Priority Trial for liver cancer. e US-FDA, European Medicines Agency (EMA), and the Chinese, South Korean, and Taiwanese regulatory bodies have all con�rmed that the HEAT study provides an acceptable basis for the submission of a marketing authorization application [35] . ermoDox treatment is also being investigated for various forms of breast cancer and bone metastases [36] .
Abraxane.
Unlike the previously discussed liposomal technologies, Abraxane (marketed by Celgene) is a nanoparticle-based cancer treatment that utilize albumin nanoparticles as the carriers of the active agent. e active agent in Abraxane is paclitaxel, a diterpene that has dramatic chemotherapeutic effects based on its ability to stabilize microtubules causing mitotic arrest [37] . While paclitaxel has been used widely as a chemotherapeutic agent for various forms of cancer, its original formulation (known as Taxol and also including ethanol) included the solvent Cremophor, which itself caused a number of adverse reactions, including acute hypersensitivity [38] . Because of paclitaxel's hydrophobic nature, it needs a nonpolar carrier to make it clinically viable. Albumin is an ideal carrier as it is the natural carrier of hydrophobic molecules such as vitamins and hormones with favorable noncovalent binding interactions [39] . e nanoconjugates of albumin and paclitaxel are easily synthesized by mixing paclitaxel and human serum albumin in an aqueous solvent and passing the solution through a high pressure jet, resulting in nanoparticles in the size range of 100-200 nm [40] . Upon injection into biological systems, the nanoparticles rapidly dissolve into smaller 10 nm complexes consisting of albumin molecules with bound paclitaxel [38] . As expected, the Abraxane formulation lacks the toxicity effects attributed to the Cremophor solvent.
Abraxane has been shown to not only decrease the toxicity of traditional paclitaxel formulations but to actually increase the efficacy of the drug in clinical trials involving patients with an advanced breast cancer [38] . e increased efficacy has been proposed to be due to both increased the uptake from the intravascular space and an increased transport into cancer cells. Albumin is known to bind to endothelial glycoprotein receptor gp60, which in turn is bound to an intracellular protein cavloin-1. is process causes the formation of transcytotic vesicles known as caveolae that transport the plasma constituents within the vesicle through the endothelial cell, including the albumin-bound paclitaxel [39] . Once the drug has been delivered from the intravascular space into the intratumoral space, albumin also facilitates the intratumoral uptake of paclitaxel. A recent in vivo study showed a 33% higher accumulation of paclitaxel in the intratumoral space for an albumin-conjugated form of paclitaxel when equal doses of paclitaxel were administered using the albumin-based and the Cremophor-formulated paclitaxel [41] . Current explanation for this phenomenon is that albumin is also able to bind to SPARC (secreted protein acid and rich in cysteine), a protein that is overexpressed in the extracellular space for a variety of cancers [39] .
Abraxane (also commonly referred to as nab-paclitaxel) was approved by the FDA in 2005 for the treatment of breast cancer aer the failure of the combination chemotherapy for metastatic disease or relapse within 6 months of adjuvant chemotherapy. Prior therapy should have included an anthracycline unless clinically contraindicated [42] . Several other indications are currently being pursued through aggressive clinical trials, including �rst-line metastatic breast cancer, nonsmall cell lung cancer, and recurrent ovarian, peritoneal, or fallopian tube cancers in platinum-sensitive patients.
Rexin-G.
e cancer collagen matrix targeting nanomedicine platform is a liposome platform with a highaffinity collagen-binding motif, derived from coagulation von Willebrand factor (vWF), which is genetically engineered into liposome surface proteins [43] . e model product of this platform, Rexin-G, an Epeius proprietary product, is a replication-incompetent, pathotropic (disease-seeking) tumor matrix (collagen-) targeted retro vector encoding an N-terminal deletion mutant of the cyclin G1 gene with potential antineoplastic activity [43, 44] . e microRNA is encapsulated into the said platform. When injected intravenously, the nanoparticles (∼100 nm) seek out and accumulate in cancerous lesions wherein collagenous matrix proteins are exposed by tumor invasion, neoangiogenesis, and extracellular remodeling. e accumulation of nanoparticles within the tumor microenvironment, in the vicinity of cancer cells, enhances gene transfer efficiency via natural viral cell receptor mechanisms. In Epeius early preclinical and clinical studies, Rexin-G demonstrated a signi�cant antitumor activity in a broad spectrum of solid tumors [45, 46] .
Although Epeius is currently conducting a number of clinical trials in the USA and abroad for Rexin-G as therapeutic intervention for metastatic or locally advanced cancers, Rexin-G in fact has been approved for use in "all solid tumors" in the Philippines based on profound evidence of single-agent efficacy in a broad spectrum of chemoresistant tumors [43] . e clinical data including the documentation of safety and efficacy of Rexin-G from studies conducted in the Philippines has helped Rexin-G to gain Orphan Drug Designation as an effective treatment for pancreatic cancer in 2003, followed by Orphan Drug Status for both osteosarcoma and so tissue sarcoma in 2008 [44] . By 2009, Epeius completed its Advanced Phase I�II and con�rmatory Phase II trials for pancreatic cancer, sarcoma, and osteosarcoma, respectively, with all primary and secondary endpoints achieved. Consequently, Rexin-G has received FAST Track Status and priorities from the US-FDA and is in the process of applying for an accelerated approval for these clinical indications. e market in the USA may grow sharply if Phase III clinical trials go well [44] .
It is worthwhile to point out that the Rexin-G technology is the �rst of its kind (gene therapy of cancer) accessible on the market (e.g., in the Philippines) and has been considered revolutionary in the �eld of cancer treatment [47] .
2.5.
Oncaspar. Asparaginase (ASNase), a naturally occurring enzyme expressed and produced by microorganisms, catalyzes the hydrolysis of asparagine to aspartic acid. ASNase was identi�ed as a potential chemotherapeutic agent for acute lymphoblastic leukemia (ALL) in 1961 when it was observed that guinea pig serum-treated lymphoma-bearing mice underwent a rapid and oen complete regression [48] . e potential of ASNase as a childhood ALL therapeutic was con�rmed with the consecutive series of clinical trials [49] .
e working mechanism behind ASNase therapeutic effect on ALL is that ASNase catalyzes the conversion of Lasparagine to aspartic acid and ammonia (as shown by the equation below) whereas leukemic cells growth depends on circulating asparagine, since that ALL leukemic cells and some other suspected tumor cells are unable to synthesize the nonessential amino acid asparagine, whereas normal cells are able to make their own asparagine [50] . e presence of ASNase deprives the leukemic cell of circulating asparagine, which leads to cell death: Journal of Nanomaterials
In the USA there are two forms of commercially available asparaginase: Elspar, an E. coli-derived asparaginase manufactured by Merck (Whitehouse Station, NJ, USA), and pegaspargase (Oncaspar), a PEGylated form of asparaginase, manufactured by Enzon Pharmaceuticals, Inc. (Bridgewater, NJ, USA) from the Merck asparaginase bulk drug product [50] . e technology of polyethylene glycol covalent conjugation to the native asparaginase increases the drug hydrodynamic radius, prolongs its circulation and retention time, decreases proteolysis, decreases renal excretion, and shields antigenic determinants from immune detection without obstructing the substrate-interaction site, and thus reduces the side effect of the native asparaginase such as hypersensitivity [51, 52] .
Oncaspar was �rst approved by the US-FDA in 1994 for use in ALL patients who developed hypersensitivity to the native form of asparaginase. It was then approved by the US-FDA in 2006 as the �rst-line treatment of patients with ALL as a component of a multiagent thermotherapy regimen [53] . In addition to circumventing hypersensitivity to Elspar, PEGylation results in Oncaspar having a longer biological half-life than Elspar, as shown by Table 2 . In most treatment protocols for ALL, Elspar is given three times weekly for six or nine doses. Because of the longer half-life of Oncaspar, it is oen possible to achieve a similar or equal therapeutic effect with fewer injections [53] .
is nanomedicine demonstrates again that drug surface modi�cation (i.e., PEGylation) can signi�cantly alter drug�s pharmacokinetics and pharmacodynamics, thus eliminating some side effects (such as hypersensitivity) and/or enhancing treatment effect with a reduced dose.
Cancer Imaging Nanomedicine:
Resovist and Feridex/Endorem. One of the very few fully approved inorganic-based cancer nanomedicines are superparamagnetic iron oxide (SPIO) nanoparticle agents for MR imaging. SPIO nanoparticle MR imaging contrast agents have been of great interest in research and clinical applications for the past decades [54] . While there are still some in clinical trials or experimental study stages, a few SPIO products have been approved by various regulatory bodies including the US-FDA [55] . Of these approved SPIOs, the most phenomenal products for cancer diagnostics are Resovist, Endorem, and Feridex [55] .
Resovist, ferumoxide SPIO nanoparticles with 4.2 nm core diameters and 62 nm hydrodynamic diameters, is an organ-speci�c MRI contrast agent used for the detection and characterization of especially small focal liver lesions [56] . Resovist consists of SPIO nanoparticles coated with carboxydextran, which are accumulated by phagocytosis in cells of the reticuloendothelial system (RES) of the liver. e uptake of Resovist injection in the reticuloendothelial cells results in a decrease of the signal intensity of normal liver parenchyma on both T2-and T1-weighted images. Most malignant liver tumors do not contain RES cells and therefore do not uptake the iron particles. e resulting imaging effect is an improved contrast between the tumor (bright) and the surrounding tissue (dark). Resovist can be injected as an intravenous bolus, which allows for the immediate imaging of the liver and reduces the overall examination time.
A dynamic imaging strategy aer bolus injection supports characterizing lesions. In comprehensive clinical trials, it demonstrated an excellent safety pro�le [57, 58] . In 2001, Resovist was approved for the European market. However, Resovist competed with Primovist, the other liver imaging agent of Bayer Schering Pharma AG. Due to this reason, the production of Resovist was unfortunately abandoned in 2009.
Endorem, marketed by Guerbet, and Feridex (approved by US-FDA in 1996), marketed by Berlex Laboratories, are also ferumoxide SPIO nanoparticles but coated with dextran instead of carboxdextran. e iron oxide core is 4.8-5.6 nm and the hydrodynamic diameter is about 80-150 nm. ese nanoparticles efficiently accumulate in the liver (about 80% of injected dose) and spleen (about 5-10% of injected dose) within only minutes of administration, due to RES uptake [59] . But tumor tissues such as metastases, primary liver cancer, cysts and various benign tumors, adenomas, and hyperplasia do not take these materials and thus retain their native signal intensity, so the contrast between normal and abnormal tissue is increased. Peak concentrations of iron were found in liver aer 2 hours and in the spleen aer 4 hours and the blood half-life is only about 6 min [59] . Unlike Resovist, Endorem and Feridex show some side effects such as cardiovascular problems and lumbar pain [60] .
Further development of SPIO-enhanced MR imaging depends on the improved knowledge of the fundamental mechanism of SPIO agents on MR signal, the pharmacokinetic control of these agents, including appropriate selection of particle charge, size, and coating, linking these agents with molecules capable of accurate speci�c targeting, and the development of new imaging sequences [60] .
Cancer Nanomedicine in Clinical Trials
is section is focused on the cancer nanomedicines that are in clinical trials for any cancer indications and have not been approved by FDA or other regulatory bodies for commercial production.
erapeutic Nanomedicine in Clinical Trials.
Even with development challenges, a few �rst-generation nanoparticle therapeutics, such as Doxil and Abraxane, have already obtained recognition in the clinical cancer research community. Considerable research and clinical trials are now being invested in qualifying nanoparticles as "platforms" for various drugs. Table 3 provides an updated summary of the nanomedicine constructs currently undergoing clinical trials as previously published by Zhang et al. [61] and Tiwari et al. [62] .
A large number of preclinical nanoparticle delivery systems have been developed with potential for cancer detection and therapy. e European Science and Technology Observatory (ESTO) conducted a global survey in 2006 and identi�ed that over 150 companies are developing nanoscale therapeutics [63] . As indicated by this blossoming research area, the synthesis and formulation possibilities for nanoparticles are almost endless considering the ability to incorporate various chemical and biology entities that provide both imaging and therapeutic capabilities. However, this multimodality approach combined with the ability to control and target the delivery of a therapeutic agent requires a sophisticated engineering of nanoparticles. For example, multiple factors affect the pharmacokinetic behavior of nanoparticles, but the surface charge, size, nanoparticle shape, and stealth properties are among the most critical. Researchers have exploited these properties at the benchtop for introduction into various preclinical models for the optimization of the stability and delivery characteristics of the nanoparticle. More signi�cantly, this research work has now also led into the introduction of nanoparticle candidates into the clinical and commercial market.
In particular, therapeutically loaded nanomedicines have the potential for achieving improved therapeutic indexes for cancer treatment. Nanoparticles have shown a signi�cant promise as improved drug delivery systems improving the formulation characteristics of the existing drugs that may have poor administration. Several commercial examples now exist, con�rming the promise of nanoparticle reformulation approaches to reduce drug side effects, while potentially increasing efficacy. One additional promise of nanoparticles is the reformulation of therapeutic agents that have failed in clinical development due to pharmacology challenges. For example, Shim et al. [64] recently described a proof of a principle nanoparticle approach to overcome drug delivery challenges and revive the clinical potential of wortmannin.
A series of clinical studies have substantiated the potential of nanoparticle-based therapeutics for demonstrating the enhanced tumor accumulation of delivered therapeutics with less adverse effects. Although most commercialized nanomedicines have been based on a passive-targeting strategy that exploits the EPR effect, there is an increasing need for the development of active-targeting technologies. e leading strategy has been the conjugation of ligand molecules that speci�cally bind to receptors that are overexpressed on tumor cells relative to normal cells [62] .
As indicated during previous discussions and by a recent review [65] , six common types of nanoparticles are approved or in late stages of clinical trials: polymer-drug conjugates, micelles, protein-based carriers, liposomes, polymeric nanoparticles, and inorganic nanoparticles. As previously discussed and seen from Table 3 a majority of nanoparticles under clinical/commercial development are therapeutics, and most of them are organic based due to a relatively low toxicity and high biocompatibility.
To further extend the capabilities of nanoparticles for simultaneous imaging and therapeutic applications, researchers have begun to increasingly exploit various inorganic matrices, such as gold, iron oxide, quantum dots, and silica nanoparticles [66] . In this respect, nanomedicines can be developed as theranostics, which possess both imaging and therapy capabilities.
eranostics in Clinical Trials.
Cancer nanotheranostics are the use of nanoparticles for combined diagnosis and therapy in cancer applications. Incorporating imaging capability into a nanoparticle is a very useful attribute for monitoring the distribution of the treatment in vivo. is provides direct and con�rmatory information about the mechanism of action for a speci�c patient, thereby providing a signi�cant advantage over more traditional drug therapies for cancer treatment. e development of multifunctional nanoparticles has the potential for the rapid disease veri�cation and identi�cation of the effected tissues for improved treatment protocols. Wang et al. [66] indicated in a recent review article that a combined technique will result in an acceleration of the drug development and improved disease management with reduced risks and costs.
e clinical development of theranostic agents is still preliminary and several challenges, such as efficient and targeted guidance of the therapeutic/imaging nanoparticles, still exist [67] . In addition, the potency of the nanoparticle could be further improved with multimodality treatment options. However, one nanoparticle platform which is progressing from the benchtop to the clinical bedside is gold nanoparticles. eir inherit properties make them appealing as the material can be easily manufactured and functionalized with both imaging/therapeutic agents and targeting vectors [68] . Initial clinical studies have been completed with gold nanoparticles coated with citrate and thiolated PEG/tumor necrosis factor-(TNF-) [69, 70] . e dose limiting toxicity of TNF-was signi�cantly improved with the developed gold nanoparticle formulation.
Summary and Perspectives
e biggest challenge that nanomedicine faces at present is meeting all the safety guidelines required for gaining clinical acceptance, particularly those required by the FDA and other regulatory bodies. Over the past decade, various nanoparticle/nanomedicine platforms have been screened and studied in terms of their size, shape, and surface properties to meet these guidelines and market request. ese include (�) �target-speci�city�: ideally, a nanomedicine will accumulate mainly in the diseased organs/sites, bypassing normal ones, (2) a proper size (oen ultrasmall): thus they can be eliminated from the body preferably through the renal �ltration system, and (3) nontoxic and biocompatible, with a surface made up of natural polymers/biomolecules. Versatility of a nanomedicine is also highly desirable, which means that multifunctional therapeutic agents and multimodality imaging capacity (i.e., optical, MRI, SPECT, PET, and/or CT) can be combined into one nanomedicine that not only will facilitate the early diagnosis of diseases, but will also have the potential to monitor in real time the progress of the therapeutic delivery.
In spite of all the challenges, nanotechnology has become closely related with cancer care today and has been applied in an evolutionary manner to improve the properties of cancer therapeutic, diagnostics, and other health care products. Biotech, pharmaceutical, and medical sciences companies have been active parts of the evolution and are dynamic collaborators with researchers, government, and educational institutions in developing and translating cancer nanomedicines. Based on the full spectrum of cancer nanomedicines in clinical trials and on the market that have been discussed in this paper, it is highly expected that the forthcoming generations of nanomedicines will have targeting moiety, may carry multiple drugs that could potentially be released in a controlled manner, and will be equipped with an imaging capacity.
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